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virulence factors and 
phylogenetic profiles of Vibrio 
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Vibrio parahaemolyticus (V. parahaemolyticus) is a major food-borne pathogen 
which causes human gastroenteritis. Since the characteristics of V. parahaemolyticus 
remain unknown, 220 isolates selected from clinical and environmental samples 
in Dapeng of Shenzhen were tested for the presence of two hemolysin-expressing 
genes tdh and trh. Among 27 clinical isolates, 26 carrired the tdh gene, and the 
other one carried both tdh and trh genes, however neither genes were detected 
in environmental isolates. Meanwhile, antimicrobial susceptibility profiles revealed 
the isolates with high frequency of resistance to ampicillin (77.73%) and colistin 
(71.82%) and medium to streptomycin (57.27%). Genetically, by whole genome 
sequencing (WGS), comparative genomics studies was performed on isolates from 
various districts and GenBank. Data analysis showed that antimicrobial resistance 
genes (ARGs) blaCARB, tet(34) and tet(35) were harbored in all genomes and other 
ARGs was absent in the genomes of 27 clinical isolates. Besides, little regional 
difference was observed. As for virulence factors, MAM7, T3SS1, T3SS1 secret 
effector, T3SS2, T3SS2 secret effector, and VpadF were carried by most isolates. 
Two isolates from other districts were tdh gene positive which clustered with 
clinical isolates from Dapeng in the same clade, indicating close genetic distance. 
This study revealed the widely distribution of V. parahaemolyticus in Shenzhen 
and the diverse ARGs and virulence genes it carried. Furthermore, pathways that 
pathogen disseminated through were discussed.
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1 Introduction

V. parahaemolyticus is a universal marine microorganism responsible for severe diarrhea in 
humans (Baker-Austin et  al., 2018; Su and Liu, 2007). Predominantly inhabiting in warm 
seawater along coastlines, its population density significantly increases in summer. Since global 
warming has been an imminent and non-negligible issue, V. parahaemolyticus distribution could 
be undergoing considerable changes (Baker-Austin et al., 2010). Consequently, human infection 
and the ensuing gastrointestinal diseases such as diarrhea, nausea, abdominal cramps and even 
death would affect larger population and threaten the public health of global costal region (Ralph 
and Currie, 2007). In Asian countries and United States, V. parahaemolyticus has been the one 
of the most common causes of food poisoning and infection cases kept boosting due to climate 
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change and public dietary habits alternation, such as increasing seafood 
consumption (Letchumanan et al., 2014; Li et al., 2014).

Hemolysin expressed by tdh and trh genes are the major 
virulence factors for V. parahaemolyticus, which causes hemolysis, 
cytotoxicity and intestinal toxicity, not to mention other disease-
causing genes such as ure, Mtase, and Vp-PAI (Nishibuchi and 
Kaper, 1995; Nordstrom et  al., 2007). Facing excessive use of 
antibiotics and the ensuing muti-drug resistance (Cabello, 2006; 
Mazel and Davies, 1999), cephalosporins, tetracyclines, quinolones 
and fluoroquinolones which were recognized as the first-line 
antimicrobial treating vibrio infections have been challenged by 
updated bacteria (Jin et al., 2021; Morris and Tenney, 1985). Thus, 
it elucidates the significance of antimicrobial resistance profile of 
V. parahaemolyticus which lays solid foundation for optimized 
therapy and drug development (Elmahdi et al., 2016). Besides, WGS 
offers a high-resolution approach for molecular epidemiological 
investigations and facilitates the elucidation of evolutionary 
relationships among isolates aiding in potential origins discovery 
(Gonzalez-Escalona et al., 2017).

Dapeng district was selected as research site since it harbors 
extremely long coastline and the city it belongs to, Shenzhen, is a 
region severely affected by V. parahaemolyticus (Li et al., 2014). Less 
affected by industrialization, isolates from Dapeng were in comparison 
with those from other regions in Shenzhen, which may give us insight 
into how environmental pollution affect bacteria genome variation 
and characteristics such as pathogen resistance (Ansari et al., 2008; 
Malik and Aleem, 2011), providing instructions for treatment risk 
prevention and assessment.

In this study, we characterized the profiles of V. parahaemolyticus 
by assessing antimicrobial resistance, virulence genes, and 
phylogenomic relationships of isolates from clinical and natural 
sources. Additionally, we compared the clonal lineages, virulence, and 
resistance genes within V. parahaemolyticus genomes from samples of 
regional difference.

2 Materials and methods

2.1 Bacterial strains

The V. parahaemolyticus isolates analyzed in this study (Table 1) 
had been collected since 2020, over a 4-year period. Among them, 134 
were sourced from 160 nearshore seawater samples, and 59 were 
derived from 146 freshly caught seafood samples in local marine area 
(Seawater/Seafood-Investigation program, SI). 15 clinical isolates were 
retrieved from Foodborne-Disease-Outbreak-Surveillance (FDOS), 
corresponding to three distinct food-borne outbreak cases (Figure 1; 
Supplementary Table  1). 12 clinical isolates were obtained from 
Infectious-Diarrhoeal-Diseases-Surveillance (IDDS) program 
provided by a hospital located in Dapeng. Additionally, the genomic 
sequences of 123 environmental isolates from other districts were 
downloaded from NCBI GenBank database (Supplementary Table 1). 
Previously preserved at −80°C, all isolates were retrieved and then 
inoculated onto thiosulfate citrate bile-salt sucrose (TCBS) agar plates 
and incubated at 37°C for 24 h. Isolates were monitored by VITEK® 2 
Compact (Merrier) and ATCC17802 was used as the quality control 
strain. Tlh was marked to ensure it could be detected by real-time 
polymerase chain reaction (PCR).

2.2 Determination of antimicrobial 
resistance

Antimicrobial resistance were determined using the BD 
Phoenix™ M50. Escherichia coli ATCC25922 was used for the quality 
control. The results were interpreted using the Clinical and Laboratory 
Standards Institute (CLSI) M100 guideline (CLSI, Clinical and 
Laboratory Standards Institute, 2024). Antibiotic tested involved 
chlorphenicol (CHL, 8-32ug/ml), trimethoprim-sulfamethoxazole 
(SXT, 2/38–4/76ug/ml), colistin (COL, 2-4ug/ml), ertapenem (ETP, 
0.5-2ug/ml), meropenem (MEM, 1-4ug/ml), cefotaxime (CTX, 1-2ug/
ml), ceftazidime (CAZ, 4-16ug/ml), ceftazidime/avibactam (Avycaz, 
8/4–16/4) ug/ml, tetracycline (TET, 4-16ug/ml), tegacycline (TGC, 
0.5ug/ml), ciprofloxacin (CIP, 1-4ug/ml), nalidixic acid (NAL, 
16-32ug/ml), azithromycin (AZM, 2ug/ml), amikacin (AMK, 
16-64ug/ml), streptomycin (STR, 8-32ug/ml), ampicillin (AMP, 
8-32ug/ml), ampicillin/sulbactam (SAM, 8/4–32/16ug/ml). The data 
was presented in three categories: susceptible (S), intermediate (I), and 
resistant (R).

2.3 DNA extraction

DNA were extracted with Bacterial Genomic DNA Extraction Kit 
(TIANGEN) according to the manufacturer’s instruction. The quality 
and concentration were determined using an Eppendorf 
BioSpectrometer® Basic. DNA was then stored at −20°C.

2.4 Genomic sequencing

Ninety-five isolates, representing over 40.00% of the total, were 
selected for their geographic diversity in Dapeng district. This 
group includes all 27 isolates from clinical patients, 47 isolates from 
seafood spanning fish, crustaceans, shellfish, and cephalopods, 
which are largely popular with the public, and 21 isolates from 
seawater samples across all collection sites along the Dapeng 
coastline (Supplementary Table 1). Extracted nucleic acids were 
quantified by QubitTMdsDNA HS Assay Kit (Thermo Fisher 
Scientific) and Qubit fluorometer (Thermo Fisher Scientific). 
Paired-end libraries were constructed with Illumina DNA Prep kit 

TABLE 1 Distribution of Vibrio parahaemolyticus isolates from different 
sources used in this study.

Sample 
type tested

No. of 
samples

No. of positive 
samples

Positive 
percentage

Seafood in total 146 59 40.41%

Fish 47 19 40.43%

Crustaceans 43 14 32.56%

Shellfish 51 22 43.14%

Cephalopods 5 4 80.00%

Patients in total / 27 /

FDOS / 15 /

IDDS / 12 /

Seawater 160 134 83.75%
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and the libraries were sequenced using 2x300bp paired end MiSeq 
Reagent Kit v3 (Illumina) on the Miseq sequencer (Illunina) with 
coverage >25×. Raw reads were trimmed and then de novo 
assembled using CLC Genomics Workbench version 23 (CLC Bio, 
Aarhus, Denmark).

2.5 Genetic analysis of antimicrobial 
resistance genes

ARGs were analyzed using Resfinder 4.1 with minimum sequence 
alignment coverage of 0.6 and sequence identity threshold of 0.8 
(Florensa et al., 2022).

2.6 Genetic analysis of virulence

Hemolysin-producing genes tdh, trh and tlh were cloned and 
detected by PCR using Vibrio parahaemolyticus Triple Nucleic 

Acid-Detection Kit (MABSKY). Positive DNA controls for trh, tlh 
genes (CGMCC1.1997) and tdh gene (CGMCC1.1615) were included. 
The genes were identified by screening DNA sequences against core 
data set in Virulence Factor Database (VFDB; Chen et  al., 2005). 
Minimum sequence alignment coverage and threshold for sequence 
identity are both 0.9.

2.7 SNP calling and phylogenetic tree 
construction

The SNP alignment was generated by aligning the reads to the 
core genome of V. parahaemolyticus useing strain RIMD2210633 as 
reference (Gonzalez-Escalona et al., 2017). A neighbor joining tree 
was constructed based on core genome SNPs using the Compare 
Variants Across Samples workflow in CLC Genomi 5cs Workbench 
version 23. The variant calling parameters were set to 10x minimum 
coverage, a minimum count of 10 and a 70% minimum frequency. For 
SNP tree creation, the parameters included 10x minimum coverage, 

FIGURE 1

Neighbor-Joining phylogeny based on SNPs of the 218 Vibrio parahaemolyticus genomes from patients, seafood, seawater samples of Dapeng district 
and the environment in other districts of Shenzhen city. The scale bar indicates branch lengths within the tree.
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10% minimum frequency, a 0 prune distance, and the inclusion of 
multinucleotide variants (MNVs).

2.8 Statistical analysis

Statistical analysis was performed using Microsoft Office Excel 
2010 and data are expressed as numbers or percentages of isolates.

3 Results

3.1 Distribution of Vibrio parahaemolyticus 
isolates in Dapeng

Of the 220 isolates, 27 originated from clinical patients in which 
15 isolates were gathered from 3 foodborne outbreak cases in 2020 
and 2023 while the others were contributed by hospital. Additionally, 
134 isolates were obtained from seawater samples and another 59 
isolates were collected from seafood. Specifically, 19 isolates were 
obtained from fish indicating 40.43% V. parahaemolyticus positivity. 
14 isolates were sourced from 43 crustaceans samples (32.56%), 
including shrimps and crabs. 22 isolates were sourced from 51 shellfish 
samples (43.14%), comprising oysters, scallops, snails and abalones. 
The remaining 4 isolates were from 5 cephalopods samples (80.00%), 
including squids and octopus. Generally, 40.41% seafood were 
observed carrying V. parahaemolyticus (Table 1).

3.2 Antimicrobial susceptibilities

Among the 220 V. parahemolyticus isolates, 27 were retrieved 
from clinical patients, 59 were derived from seafood, and 134 were 
sourced from seawater. In order to uncover the antimicrobial 
resistance (AMR) profiles of these isolates, we performed a series of 
drug susceptibility tests (Table  2). Drug susceptibility tests 
demonstrated that among the 134 isolates derived from seawater, 
73.88% isolates and 67.91% isolates exhibited high resistance to 
ampicillin and colistin, respectively. 32.09% of the isolates together 
with 57.46% isolates showed intermediate resistance to colistin and 
streptomycin. Low levels of resistance to cefotaxime and tetracycline 
were detected with the positivity of 1.49 and 4.48%. Furthermore, all 
isolates displayed sensitivity to additional 12 antibiotics, which were 
amikacin, azithromycin, chloramphenicol, ceftazidime, 
ciprofloxacin, ceftazidime avibactam, ertapenem, meropenem, 
nalidixic acid, ampicillin/sulbactam, compound sulfamethoxazole, 
and tigecycline.

As for the bacteria collected from seafood, a fraction of which 
demonstrated resistance to cefotaxime (3.39%, n = 2) and tetracycline 
(3.39%, n  = 2), while around 40% isolates showed resistance to 
streptomycin. Importantly, nearly 80% of isolates showed resistance 
to ampicillin and colistin, which was consistent with those in clinical 
samples. Meanwhile, 88.89% isolates exhibited strong resistance 
toward streptomycin.

Overall, antimicrobial resistance profiling revealed a consistent 
trend among isolates from various sources, with the majority 
exhibiting resistance to ampicillin and colistin, and intermediate level 
of resistance to streptomycin.

3.3 Analysis of antimicrobial resistance 
genes

Resistance toward blaCARB, tet(34), tet(35), qnrVC6, sul2, 
aph(6)-Id, floR and cat was identified (Table 3). blaCARB encodes 
β-lactamase enzyme and confers resistance to amoxicillin, ampicillin, 
and piperacillin (Shallal et al., 2019). Meanwhile, tet(34) and tet(35) 
are known to mediate tetracycline resistance (Miranda et al., 2003). 
These three genes were determined positive in all clinical and 
environmental isolates. No additional ARGs were identified within 
clinical samples. Furthermore, the positive rates of qnrVC6, sul2, 
aph(6)-Id, floR and cat were ranged from 2% ~12% in environmental 
isolates collected in Dapeng. The positivity exhibited lower value when 
it came to the isolates aside of Dapeng. Notably, a single isolate was 
positive for the blaCTX-M-14, which encodes extended-spectrum 
β-lactamase.

3.4 Identification of virulence factors

The results revealed that all 220 isolates from the Dapeng district 
tested positive for the tlh gene. 193 environmental isolates were 
negative for the tdh or trh gene. The tdh gene was consistently detected 
in the 27 clinical isolates, with one isolate exhibiting both tdh and trh 
genes (Table 4).

Six virulence factors were detected and then analyzed. MAM7, 
T3SS1, T3SS1 secret effectors were detected positive in all clinical 
samples, so were the sample derived from environment while the 
MAM7 positive rate decreased to 89.71%. Meanwhile, 96.30% isolates 
were positive for T3SS2, T3SS2 secret effectors and VpadF. Notably, 
only one isolate contained the T3SS2 factor.

Notably, none isolates derived from seafood in other districts 
were found harboring trh genomes. Besides, two tdh-positive isolates 
were observed to carry both T3SS2 and T3SS2 secret effectors. 
Additionally, MAM7 together with T3SS1 presented in all samples 
while T3SS2 and its secret effectors were merely found (Figure 1; 
Table 4; Supplementary Table 1).

3.5 Phylogenomic relationship of Vibrio 
parahaemolyticus

Based on WGS, phylogenomic analysis disclosed that isolates 
from the three foodborne outbreak cases could be generally clustered 
into three separate sub-clades according to average genetic distance 
(Figure 1). In detail, the SNPs differences of genomes and isolates 
under 10 and 2000, respectively, were defined as genetically sub-clade 
(Wu et al., 2019). As for case 1 and 3, no SNP difference were observed 
among their isolates, respectively. Notably, in case 2, isolate 
JS200829003 harbored both tdh and trh genes, was divided into a 
distinct clade (Supplementary Table 2).

The 12 isolates obtained hospital were divided into three sub-clade 
(Figure 1). The size of the core genome was inversely proportional to 
the number of isolates, which in turn influenced the extent of the SNP 
(Yang et  al., 2019). SNP-trees were reconstructed within each 
sub-clade since the reassessment of SNPs was expected to achieve 
higher resolution. The results indicated that the SNP differences 
among isolates from the same foodborne outbreak case were ≤ 1, 
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TABLE 2 Antibiotic susceptibility [SIR*-No. of isolates (%)] of V. parahaemolyticus isolates.

Antibiotics Abbreviation Range (MIC, ug/
mL)

Susceptibility no (%)

All samples Patients Seafood Seawater

R I S R I S R I S R I S R I S

Chlorphenicol CHL ≥32 16 ≤8 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

Trimethoprim/

Sulfamethoxazole

SXT ≥4/76 – ≤2/38 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

Colistin COL ≥4 ≤2 – 158 (71.82%) 62 (28.18%) 0 20 (74.07%) 7 (25.93%) 0 47 (79.66%) 12 (20.34%) 0 91 (67.91%) 43 (32.09%) 0

Ertapenem ETP ≥2 1 ≤0.5 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

Meropenem MEM ≥4 2 ≤1 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

Cefotaxime CTX ≥4 2 ≤1 4 (1.82%) 0 216 (98.18%) 0 0 27 (100.00%) 2 (3.39%) 0 57 (96.61%) 2 (1.49%) 0 132 (98.51%)

Ceftazidime CAZ ≥16 8 ≤4 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

Ceftazidime/

avibactam

AVYCAZ ≥16/4 – ≤8/4 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

Tetracycline TET ≥16 8 ≤4 8 (3.64%) 0 212 (96.36%) 0 0 27 (100.00%) 2 (3.39%) 0 57 (96.61%) 6 (4.48%) 0 128 (95.52%)

Tegacycline TGC ≥0.5 – ≤0.5 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

Ciprofloxacin CIP ≥4 2 ≤1 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

Nalidixic acid NAL ≥32 – ≤16 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

Azithromycin AZM – – ≤2 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

Amikacin AMK ≥64 32 ≤16 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

Streptomycin STR ≥32 16 ≤8 0 126 (57.27%) 94 (42.73%) 1 (3.70%) 24 (88.89%) 2 (7.41%) 0 25 (42.37%) 34 (57.63%) 0 77 (57.46%) 57 (42.54%)

Ampicillin AMP ≥32 16 ≤8 171 (77.73%) 1 (0.45%) 48 (21.82%) 27 (100.00%) 0 0 45 (76.27%) 1 (1.70%) 13 (22.03%) 99 (73.88%) 0 35 (26.12%)

Ampicillin/

sulbactam

SAM ≥32/16 8/16 ≤8/4 0 0 220 (100.00%) 0 0 27 (100.00%) 0 0 59 (100.00%) 0 0 134 (100.00%)

SIR*, susceptible, intermediate, resistant.
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which was consistent with the findings presented in Figure  1. 
Compared to the isolates in case 3, no SNP difference was observed in 
two isolates from IDDS program while the other five isolates valued 
up to 29. Furthermore, among the four isolates clustered within a 
sub-clade, the SNP differences were ≤ 34 (Figure 2).

Excluding JS200829003, all clinical isolates were found to 
be  clustered within a same clade, together with another two 
environmental isolates from other districts. Meanwhile, these two 
environmental isolates also exhibited close genetic proximity to three 
isolates from case 2 as well as part of isolates obtained from hospital. 
Other isolates from environment were almost scattered across 
different clades (Figure  1), suggesting a high degree of genetic 
diversity. The distinct sampling time suggested a persistent 
environmental reservoir of pathogenic V. parahaemolyticus.

4 Discussion

Vibrio parahaemolyticus contamination was determined to exist 
in seafood and seawater widely in Shenzhen, which was consistent 

with the report of WHO (WHO, 2021). The incidence rate of 
V. parahaemolyticus in seafood was 40.41%, which is lower compared 
to previous reports from the eastern coastline of Jiangsu, China, where 
it was 59% (Zhao et  al., 2011). This phenomenon was possibly 
contributed by the decrease in domestic wastewater which was led by 
strict environment protection measures, as the nontoxic and nutritious 
domestic sewage could promote microbial biodiversity in aquatic 
ecosystems (Abioye et al., 2021; Li et al., 2017). However, the positivity 
of V. parahaemolyticus in Dapeng seawaterthe demonstrated a 
significant higher value compared to that in freshwater (Chao et al., 
2009). Thus, the influence of temperature and salinity on Vibrio 
density and frequency should also be  taken into consideration 
(Jordaan et al., 2019).

Previous studies have reported that V. parahaemolyticus exhibits 
multiple antibiotic resistance to multiple antibiotic agents (Pan et al., 
2013; Tan et al., 2020; Zaafrane et al., 2022; Zhang et al., 2024). Though 
it was reported that the V. parahaemolyticus resistance to ampicillin 
has been decreasing in Shenzhen (Zhang et al., 2023), high prevalence 
of AMR was observed with 77.73% for ampicillin and 71.82% for 
colistin (Table 2), suggested that ampicillin and colistin should not 

TABLE 3 Antimicrobial resistance gene (ARG) profiles of 218 V. parahaemolyticus genomes detected with ResFinder.

Antimicrobial 
classes

Genes Other areas in Shenzhen Dapeng

123 genomes 
(Environment)

68 genomes (Environment) 27 genomes (Patients)

Number of 
positive 

genomes

Percentage 
(%)

Number of 
positive 

genomes

Percentage 
(%)

Number of 
positive 

genomes

Percentage 
(%)

β-lactam blaCARB 123 100.00 68 100.00 27 100.00

blaCTX-M-14 0 0 1 1.00 0 0

Tetracycline tet(35) 123 100.00 68 100.00 27 100.00

tet(34) 123 100.00 68 100.00 27 100.00

tet(59) 2 1.63 0 0 0 0

tet(E) 0 0 1 1.00 0 0

tet(S/M) 0 0 2 3 0 0

Quinolone qnrVC6 4 3.25 3 4 0 0

Trimethoprim dfrA6 4 3.25 0 0 0 0

Sulphonamide sul2 3 2.44 7 10 0 0

Fosfomycin fos 2 1.63 0 0 0 0

Aminoglycoside aph(6)-Id 1 0.81 4 6 0 0

Phenicol floR 1 0.81 5 7 0 0

cat 0 0 2 3 0 0

TABLE 4 Virulence factor profiles of 218 V. parahaemolyticus genomes detected with VFDB.

Virulence factors Tdh Trh MAM7 T3SS1 T3SS1 
secreted 
effector

T3SS2 T3SS2 
secreted 
effector

VpadF

Dapeng 68 genomes 

(Environment)

Number of positive genomes 0 0 61 68 68 1 0 59

Percentage (%) 0 0 89.71 100.00 100.00 1.47 0.00 86.76

27 genomes 

(Patients)

Number of positive genomes 27 1 27 27 27 26 26 26

Percentage (%) 100.00 3.70 100.00 100.00 100.00 96.30 96.30 96.30

Other areas 

in Shenzhen

123 genomes 

(Environment)

Number of positive genomes 2 0 123 123 122 2 2 107

Percentage (%) 1.63 0.00 100.00 100.00 99.19 1.63 1.63 86.99
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be  used empirically to treat V. parahaemolyticus infection. 
Interestingly, the phenotype of resistance to ampicillin was 
significantly correlated with the genotype of the isolates, which were 
positive for blaCARB. However, no corresponding genes for resistance 
to colistin and streptomycin were observed among the 218 genomes 
(Tables 2, 3), which could be related to the inability of short-read 
sequencing in identifying mobile genetic elements (Dutta et al., 2021). 
Approximately all isolates from Dapeng carried both tet(35) and 
tet(34) genes and were susceptible to tetracycline. It is plausible that 
these genes were silenced or expressed at a level too low to be detected, 
and could be highly expressed under suitable conditions (Dutta et al., 
2021). Thus, the diversity of ARGs and virulence genes in the 
environment is a vital factor for the risk assessment of 
V. parahaemolyticus. The dfrA6 and fos genes were only detected in the 
environment from other districts, but with very low incidences. Our 
study showed that the first-line drugs such as tetracycline, cefotaxime 
and ceftazidime can still be used to treat V. parahaemolyticus infection.

tdh and trh genes were once considered as the pathogenic marker 
of V. parahaemolyticus (Raghunath, 2014), however only part of 
clinical isolates were tdh gene positive and one clinical isolate carried 
both tdh and trh, indicating that pathogenicity could be caused by 
other virulence factors (Jones et al., 2012; Li et al., 2014; Pazhani et al., 
2014). Thus, MAM7, T3SS1, T3SS1 secret effects, T3SS2, T3SS2 secret 
effects, and Vpad F were then identified in the isolates which were tdh 
gene positive. It was reported that T3SS2 was only present in the tdh-
positive isolates (Jones et al., 2012) and genes expressing T3SS2 were 
adjacent to tdh and trh genes (Yang et al., 2019). However, aside of 
T3SS2, the isolate carrying both the tdh and trh lacked T3SS2 secret 
effectors and VpadF additionally. Interestingly, it’s opposite one, a 
tdh−trh− isolate possessed T3SS2 and its secret effectors, suggesting 

horizontal transfer had occurred (Meador et al., 2007). Besides, almost 
all environmentally resourced isolates possessed MAM7, T3SS1, 
T3SS1 secret effectors and VpadF, demonstrating that the virulence 
genes were widely distributed, which could be activated under proper 
circumstances and pose threat to public health.

To characterize the phylogenomic relationship of 
V. parahaemolyticus isolates from various resources and locations, 
core-genomes of isolates were analyzed (Gonzalez-Escalona et al., 
2017). Isolates of three foodborne outbreak cases were clustered into 
different sub-clades within which the SNP difference was less than 1 
(Figures 1, 2). Thus, this result further confirmed that the core genome 
is a powerful tool for outbreak investigation, allowing for the 
unambiguous comparison of isolates from different sources 
(Gonzalez-Escalona et al., 2017). Furthermore, JS200829003 collected 
from case 2 had a great genetic distance from others and showed 
different profile of virulence factors as described above, indicating it 
could be originated from other sources. Meanwhile, section of isolates 
from sporadic cases were clustered together with isolates from case 
3 in a sub-clade (Figure 1). Further analysis showed that the SNP 
differences between these 14 isolates slightly increased (Figure 2C), 
suggesting that they were from an another reservoir.

The dates of collection of the two isolates from IDDS in the 
sub-clade were consistent with the outbreak date of case 3, with no SNP 
difference, indicating that this two patients could be originated from 
the foodborne outbreak in case 3. Perhaps these two patients were 
overlooked during the case search because they were treated in another 
different hospital. Other five isolates from sporadic cases were collected 
from 2022 to 2023 years, indicating that reservoir 3 already existed in 
2022 (Figures 1, 2C). In August 2020, two foodborne outbreak cases 
caused by V. parahaemolyticus occurred. The phylogenetic tree showed 

FIGURE 2

Matrix and Neighbor-Joining phylogeny based on SNPs of the V. parahaemolyticus isolates which could be from 4 different reservoirs, respectively. 
(A) Four isolates collected from IDDS. (B) and (D) Isolates collected from two different food-borne outbreak cases. (C) Isolates collected from IDDS and 
food-borne outbreak case. The scale bar indicates branch lengths within the tree.
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that the sources of these two cases were from different reservoirs. 
However, no environmental isolates from Dapeng coastline was 
clustered with clinical isolates together within a same clade. Certainly, 
one possible reason could be the limited number of bacterial genomes 
sequenced in this study, implying that pathogenic isolates may come 
from other districts. According to the clonal lineage analysis based on 
GenBank (Yang et al., 2022), two isolates from seafood and the clinical 
isolates from Dapeng coastline were clustered in the same clade, with 
a difference of 116 ~ 397 SNPs (Supplementary Table 2). Ocean currents 
and aquatic animals contribute to the dissemination of 
V. parahaemolyticus, and genetic exchange frequently occurs when 
isolates enter a new environment, greatly accelerating the mixing of 
V. parahaemolyticus populations (Fu et al., 2021). So it is reasonable to 
speculate that the isolates clustered in clade 2 could be from the same 
clone, and the pathogen V. parahaemolyticus were transported from 
other districts of Shenzhen to Dapeng coastline.

Almost all the isolates collected from environment were 
distributed in different clades, with no obvious clustering in the NJ 
tree. The abundant genomic polymorphism was helpful for Vibrio 
parahaemolyticus to adapt to the changing external environment 
(Janecko et al., 2021). While almost all clinical isolates clustered in 
clade 2, inferring that a stable genomic with less recombination and 
variation is vital for clinical isolates to maintain pathogenicity (He 
et al., 2021). Some environmental isolates were clustered in the same 
clade or sub-clade, which suggested they could be  from the same 
source. This possibility is considered due to factors like ocean currents, 
dispersal by aquatic animals, cross-contamination during seafood 
processing, and the long-term survival of these isolates in the 
environment (Fu et al., 2021). Overall, the phylogenomic analysis 
revealed that V. parahaemolyticus isolates in environment of Shenzhen 
were genetically diverse.

There are several limitations in our study. Firstly, the period 
of surveillance is relatively short, thus the results may not reflect 
the long-term evolution of V. parahaemolyticus in Dapeng 
coastline. In the future, constant surveillance should be carried to 
monitor the evolution trend of V. parahaemolyticus in the Dapeng 
coastline. Additionally, the distribution of V. parahaemolyticus 
isolates included in this study did not cover all districts of 
Shenzhen over a continuous period in recent years. Therefore, the 
dynamics of V. parahaemolyticus populations in Shenzhen city 
need further research. Associated studies may provide clues for 
future work.

In conclusion, this study revealed the characteristic of 
V. parahaemolyticus isolates in Dapeng coastline. The widely 
distribution of V. parahaemolyticus isolates poses the risk to the health 
to the population living in coastline and even hinterland. Moreover, 
AMR result of V. parahaemolyticus provides instruction for empirically 
treatment in patients. Considering the inducible gene expression, 
horizontal gene transfer and the diverse ARGs and virulence genes 
harbored in V. parahaemolyticus, it should be paid more attention to 
monitoring and predicting the changes and development tendency of 
the pathogen. Phylogenomic analysis indicates that several reservoirs 
hidden in environment, and hints the pathogen isolates may 
be disseminated though various pathways involving ocean currents, 
aquatic animals and cross-contamination during seafood processing, 
providing a significant insight into the prediction and interruption of 
V. parahaemolyticus transmission routes.
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